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EVAIDATION OF THE DEPOSIT DURING PHOSPECTING AMD EXPLORATION

Otnnh untomlﬁo% ori Poi-hkh Y. E. Poyarkov

Peposit during Prospecting and
Exploration}, No 15, 1955, Moscow,
Pages 7-30; BL-94

[ Pages 7-30]

' PART I. ON THE CHARACTERISTICS OF MERGUKY AND ANTIMONY:
THEIR APPLICATION, ECONOMICS, AND ORE TECHNOLOGY

Chapter 1. Propertiss of Mercury and Antimory

" Mercury and antimony sre metals having distinctly different
properties and, consegquently, completely dissimilar fields of
spplication. Nevertheleuss, deposits of both these metals have a

great dual in émon;‘ th.y are frequently formed under similar

.. §eological conditions. Moreover, in some cases, mercury and

antimony are sxtracted from complex mercury-antimony ores.

° . Therefore, in examining the properties of mercury and
antimoryy, it is important to take into consideration not only
those pruperties which determine the dirsction of their practical

‘ uppucu.‘.g.u. but also the common conditions governing the formation

of thel: deposits. ‘

J.ble 1 givu the basic physical propsrties of murcury and
antimonr. '

When heated, mercury undergoes intensive expansion which,
in the rangs from 0° to 100° is almost proportional to the expansivn

" of gases. Mercury is very volatile even at normal teaperatures.
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Thus, the pressure of mercury vapor at 20° ¢ constitutes 0.0023 mm
of the mercury column, while at 1009 it reaches 0.279 m. Meroury
vapor is extremely poisonous, and prolonged exposure to it, even .
of low concentration, causes serious toxic effsct.

In its chemical compounds mercury is monovalent or bivnhnt.
‘There are numerous mercury compounds. Among these are amalgam,
msrcuric oxide, sulfides and sulfo salts, haloid compounds, sulfate,
and nitrate.

Amalgam (alloy) of mercury is easily formed through dirsct
diffusion in it of other metals, such as Au, Ag, Zn, Pb, 41, et al.
Among oxides of mercury there are the 8820 oxide and the Hgo oxide.
Mercury sulfides are the most widely encountered mercury compounds.
There are several modifications, of which 2 are the most important:
red mercuric sulfide and black mercuric sulfide. The red sulfide
(vermillion) is formed when it is separated from alkaline snlutionms,
while black cinnabar (metacimmabarite) is separated from acid
solutions, Hercuric sulfides ere practicully insnluble in water,
tut dissolve easily in solutions of alkali sulfides, forming with

them complex compounds of the .n‘s.;ml..‘,s type.

Of the haloid compounds the most important are the chlorides
which have broad application in udic;u: u'cle chloride and n‘,‘,cz,‘,,
also known as calomsl. ' ‘ '

Sulfats of meroury, aisoh, which is watcr-aoiublo only
difficultly, is most probably formed in naturu &5 a result of the
sction of sulfuric acid not directly on the cinnabar, but on the
products of its variations -- natural mercury or red mercuric
oxide (montroidite).
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Ritrats of meroury, Hy(W0y)o, 1is an intermediate product
of the formation of the industrially important, so-called mercury
fulxinate, Czag(mz)'o

Mercuric cyanide is an exceedingly poisonous compound, and
is occasionally used in iedicine. Mercury produces almost no salts
of weak acids, since mercury iteelf is a wesk base.

In its chemical compounds antimony is trivelent or pentavalent.
In acid solutions, compounds of pentavalent antimony usually change
to trivalsnt sntimony, thus scting as acidifiers. Acids correspond-
ing t.o.t.ho valances of antimony are Sby03 and Sbp0g. Most commonly
encountered in nature are the rhombic trioxide (valentinite) or
cubig trioxide (sernamontide). The combination of antimony trioxide
and pentoxide ylelds the tetroxide SbyQ, which also occurs in nature
o8 cervantite. Hydroxide Sb(OH)3 is olearly amphoteric in character,
whil'q hydroxide of pentavalent antiwmory is acid in charactar.

Haloid salts of antimony ars volatile and dissociate weakly

in aqueous solutions.

0Of great importance are antimomu sulfides and aslfo-salts.
Antimomy trisulfide 8byS; is the principal industrisl antimony
ninersl. Its melting point is approximately 550° C. It is not
nol;.lb.h in water, tut with an 8' lon, it forms a complex essily
soluble ion 2(SbS3)'er, Pentavalent antimony is ot found in
nsture. In technology it is used in the wulcanisation of rubber.
In the gulfo-salt, SboS, acts as a culfo-anhydride, forming the
so-called sulfo-antimonites. :

A specilal group is formed by the combination of antinorv
with metals, vis., antimonide of sodium, nickel, and silver,
- 3 -
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0f the chemical properties of mercury and antimony, the
oost wignificant in the aatter of explaining the formation.of
their deposits are the ability of their principal natural compounds,
the sulfides (cinnabar and antimonite), to dissolve easily inl
ageuous solutions of alkali sulfides, producing complsx ions of the
2(5bS3)''" and the HgSy'' typs. |

TABIE 1
PHYSICAL PROPERTIES OF MERCURY AND ANTIMONY

Atomic Atomic Specific Hardness Color Melting Boiling Specific

muamber welght weight point poi.gz elactric con-
in ¢ in ductivity with
reapect to
silver (X}~

8o 200.61 13.55 Liguid at Silver- -38.7 357.2% 1.58 v
normal tem- white L ) W

i

perature
51 121.76 6.67 3 (Mohs scals), 630, 1325 3.76
brittle Lead- (approx. ) :

white

Chapter 2. Application of Mercury and Antimony and the Econoaics
of Thess Metals

In view of the variety and types of applications of mercury
and antimony in the most important branches of industry, both
thess metals are considared strategic rsw materials.

Application and Economios of Mercury

In metal form and in combination, mercury is used in medicine,
the chamical indus’ry, the slactric power irdustry, instrument
bullding, agriculture, mining, the mamifacture of felt, etc.

-y -
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In the basic chexical industry, sulfate of mercury is used
as a catalytic lﬁnt in the production of acetaldehyds from
acetylide. In the elactrolysis of sodium chloride for the purpose
of obtaining chlorine and sodium hydroxids, mercury cathodes are
currently used that make it possible to obtsin sodium hydroxide
of great purity. Mercury is also indispensabls in the mamifacture
ot.coruin paints used to cover the underwater portion of vesssls.

Mercury fulminate is widely used as a detonator in explosive
opsrations in the field of mining. MNercury rectifiers, quarts
marcury vapor lamps, thermometers, manometers, diffusion vacuum
pumps, and nuserous messurirg instruments and control apparatus
would be unthinkable without the use of mercury. In sgriculture
conpdundl containing mercury are used as mordant for seed. In the
fisld of medicine, mcrocury has for many years been used in the form
of mercuric chleride, calomel, ss the principal componsnt of various
ointments, mercuric-organic compounds, dental mlga!n, and in

many other medications.

~ More and more attention is being devoted to the use of
msrcury in the fisld of power, in mercury vapor boilsrs and turbines.
In that regerd it was found useful to combine mercury and hydrsulic
:I.xihlhtionn which utilise the heat of mercury vapor condensation.
In guch birary, msrcury-hydrsulic power installations it has been
possible to increase efficiency soms 38 to LSE, while decreasing
fuel consumption almost by # of the fusl used vith water boilers.

Tabls 2 contains official average anmual figures of mercury
consumption in the United States during the period 1946 to 1950:
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TABLE 2
ANNOAL CONSUMPTION OF MERCURY IN THE UKITED STATES, i9h6—1950

Area of utilisation Quantity of mercury used
ON (%)
Basic chemistry (production of 28.4» 2.8
chlorine and sodium chloride)
Agriculture and forestry 174.0 17.1
Electrical apparatus 254 .2 25.1
Precision instruments 180.0 17.9
Pharmaceuticals 137.0 13.6
Catalytic agents (production of
mg‘r’ ‘tco) 116.7 11.6
Antifouling paints for vesssls 52.0 5.1
Dental medicine 36.7 3.5
Mercury fulminate ekt 1.4
Laboratories .5 1.4
Amalgans S.1 0.5
1,013.0 | 100.0

(#) In the production of chlorine and sodium chloride, mercury is
used only in the loading of the electrolytic bath; it thsn regenerates

itself in the course of the operation.

-It should be noted that the United States expended increased
| qumt!:hins: of mercury during the war -~ up to 15880tin19h3;
primarily in the production of disinfectants for the army (total
quantity of mereury used in the memifacturs of pharmaceuticals
resched 503 4+ at that time), and for explosives (108 t).

Based on availsble data concerning mercury deposits in Europe
and America, from the year 1500 through 1950 about 670,000 t of
mercury were obtained; of this total. anmual production in the 20th

century averaged from L to L.5 thousand t.

-8 -
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More than 708 of all meroury was obtdmdintbtow :
5 deposits: Almaden (Spain), 206,000 tj Idriys (Yugoslsvia),
wmore than 90,000 t; New Almaden {US), 60,000 t; Juankavelika (Peru),
55,000 t; and the Tuscany deposit (Italy), nearly 40,000 t.

Maximm production of mercury in the foreign countries was
achisved in 1941, with & yleld of more than 9,500 t. Furt.aernmore,
particularly in the twentisth century, a very large number of
small deposits were under exploitation, with a total amnual produc-
tion of not more than 10 to 15 thousaend $. Thus, in the United
States in 1942, some 18l minres ylelded but 1753 t of mercury.

The data presented in Tabls 3 will illustrate the quantities

of mercury produced in various foreign ocountries in recent years.

A coaperatively sharp change in mercury production totals
for the different ysars can be explained, primarily, by the fluctu-
ation in the price of mercury. 7The increase in the price of mercury
during the war or during ths preparation for war is followed Yy a
marked inoreased in mercury production and, conversely, the drop in
price during periods of economic crisis causes maried reductions in
the production and complete stoppage of production in certain
countriea. It is also significant that the grezt demand for mercury
during World War 1I, when Spanish and Italian mercury was in the
hands of the Germans, resulted in the organisation of proeduction
in other countries, such as Canuia, Mexico, iAsia, and South America.

Mercury prioces in the world market are usually quoted in
dollars per orlinder, which is the accepted internmational unit for

marcury. The quantity of mercary per cylinder is atrictly standard-
issd. Up to 1927 & cylinder held 34.05 kg, while beginning in 1928,

-7 -
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aeeLvad Tev ULTIUR LN FORRION COUNTHIES (1IN ¢, (WD = O DATA)

Countrv hich 1928 1938 1943 947 1950
Asia |
5 1220 6. ‘2 18 - W
Japan -- - 25 231 - 48
_ Turkey - - 20.5 [ ND ND
Europe
Spain 1,245 2,195 1,379 1,86 1,858 1,745
Austria 820 5 - ND W o
Csecnoslovakis - 72 100 N " ND XD
(termany - - 50 ND ND ND
North America |
. Canac.. - - - 768 ND 1)
" usA 67 616 620 1,790 799 156
Nexico 166 45 155 n 916 126
South America . ' . ‘
_ Bolivia -~ - - 95 MD o
Chile - - e 95 . WD ND
_Afrios A
 Alglers — e - 2 'rm D
'mn:u : R -~ -— 18 ND ND
Union of South . . ' ' '
Africa - = - 'S S 1 o)
Australia and New Zpahnd -— - | 0.3 3 ND XC

(Note: Based tn a survey by Minerals Industry, over-all production
of mercury in 1943 was approximately 6,150 t, as againgt

-8 -
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a 6ylinder was standardised at 34.5 kg. In Tadle L -ruuy Fices
are listed in dollars per ton, to facilitats comparison with
prices of antimony and other metals.
AHIR L
MERCURY PRICES (BN YORK ST0CK KXCHAMGE)

Yoar o Price

1913 | | 1,158
1928 - o 3,630
1938 - 2,180
JECT I | 5,660
1950 . - 2,350

v

It must also be noted that during industrial utilisation
of mercury the price remains almost umreduced, and the prbduction
of secondary mercury, contrary to antimony, has almost no industrial
sigmificance. o

Application and Economics of Antimony

By far the greatest quantities of antimony are used in indus-
try o form alloys with other soft metals. This process takes
advantage of the property of antimony to increase the hardness of
1sts r. Among the more inportunt ;llon containing antimony are:
anti. .nous lud of:l.nnr-md hardness, used particularly in the
prQration of shrapnel balls; various antifriction bearing alloys
havingz an antilo:v content of from 7 to 20% (babbit); type metal
(eOnuining 15 to 25% mx-oivr); battery metal consisting of an
alloy of particularly pure lead, alloyiiwith a small quantity of
antimony of great purity; the so-called Brittania mstal which
contains, in ad;iitiﬁn to tin and a small quantity of copper, B%

antimo oye

- O =
P
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Antinony conpound) alsC Mve YArls.s 6y abesVioEw. Wb el
antimony sulfide ("’253) is used in the sirixisy safCeve of
matchboxes (20% 5b,5y and 80% additive); antimay s.if1d8 14 .40
added in small quantitiss t< artilliery shelis, w w., ssede
accurscy of the shells in flight. Pentasulfide of salisomy s eloe
used in the vulcanization of rubber (re¢ rutter).

Trioxide of antimony is used in the aan.fecture of ,aint,
lscquer, particularly of fire-resistant palnts .sed on glass,
ceramics, and in the manufacture of enamels. Irichloride of antimony
is used in medicine as an irritant; it is also used in the bLurnishing
of steel, particularly of armament steel. Pentachloride of antiavny
has the abtility to give off a part of its chlorine to certain organic
compounda, and it is therefors used in industrial organic caemisiry

as a chlorinating agent.

Antimonate of lead is a fire-resistant paint known as
Neapolitan ysllow. Sulfatrifluoroantimonate of ammonium is a
mordant used in the dyeing of fabric. Certain antimony compounds
are used in making fabric fire-resistant.

A number of organic antimony compounds, such as tartar
‘emstic and stigasan, are widely used in medicine.

Table 5 contains official data of average anmual consumption
of antimorny in the United States for different purposes in the
years 19u5 to 1950.

No accurate information is available on the quantities of
antimony produced. Antimony and its minerals have tesn known since
anclent times; however, the industrisl utilisstion of antimony in
notable quantities has begun only recently in the second half of
the ninstesnth century. In the past 10U yearc probably not more

than 2 millicn t of antimony have been mined.

- 10 =
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Details on antimony mining in different countries arse presensed
in Table 6.

Based on information published by Minerals Industry, over-all
production of antimony in 1948 amounted to approximately 45,000 t,
reaching a total of 50,000 ¢t in 1950.

Table 6 indicates that up to the 1930s China was the principal
supplier of antimony, delivering about 2/3 of world production.
The re.ht;lwly low Jevel of production in other countries can be
explained by the fact that there was little interest in the study
of antimony extraction when low-cost Chinese antimony was amply
available on the market. However, when the intervention of imperi
alist Japnxi seriously reduced Chinese antimony production, a noted
increase in antimony production could be seen in 6t.hor countries,
particularly in Mexico and Bolivis. Comparatively large quant.it‘:tes
were produced in the United States.

Among the Buropean touniries, Yugoslavia has the grestest
potential, with sn annual production in 1540 of 4,800 t. As a
resuit’ of the intensive development of the antimory industry in
Aoth-r countries, ths world's largest annual antimony p&-qduction :
output was resched in 1942 almost without the inclusion of China

which has the largest and richest antimony deposits.

" An important role in the antimony industry is played by
prbduct.ibn of the so-called secondary metal, regenerated from
various byproducts. Thus the United States covers from 4O to 508
of its requirements by using the secondary metal. During World |
war II the United States produced 11,400 t of the secondary matal
in 19L4O, 15,000 to 18,000 in 1942 to 1945.
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The largest user of antimony is the United States which from
1IN W 195 used from 19,500 to 25,800 t of antimony. In 1949
e ‘nited States used a total of 10,500 ¢t of antimony.

TAELE S
ANAL CORSUMPTION OF ANTIMONY IN THE UNITED STATES

Metal Production Quantity of Antimony
s x

Hard (antimony) lead, including |
battery metal 5,280 .1
Pearing alloys 2,067 13.4
Type motal 1,006 6.6
Sheet and tube lead 2l 1.6
Solder 151 1.-0
Other 343 2.‘1
Total metal production 9,101 56.8

Nonmetal Froduction

Fireproof fabric 1,370 9.0

Paint and lacquer 1,279 B.ly

Glasa, enamel, and ceramics 1,652 10.8
Other (matches, resins, antimony trichloride,

plastics, etc.) 2,062 - 13.0

Total nonmetal production 6,363 " kLl.2

Orand total 15,L6, - 100,90

- 12 -
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ANTDONY PROTUCTION IN FOREIGN COUNTRIES (1§ 1,000 t)

Country
Asta — total
 chim
Japan
Pursa
Turkey
Europe -- total
~ Oreece
Italy
France
Spain -
North A’npri@ -- total
| United States
Mexico

‘South America -~ total

Bolivia

Pexru
Africa -- totsl

Algeria

French Morocco

1913
13.3
13.0
7.0
Qaly
.S

0.9

0.9

0.2

0.2

Union of South Africa ==

Australis and New Zesland 1.3

TABLE 6
1923 1928
]5.0 23.1
.6 23.0

2.6 3.1
0.1 0.1
0.4 0.3
0.9 1.2
0‘5 R 3-6
0.5 3.6
" 0.3 3.7,
C.3 3.5
-— 0.2
006 -
0'6 -
0.5 0.1
-13 -

1933

L.l
3.7

2.1 -

0.3

O.4

2.5 o

0.5

2.0

1.9
1.9

0.3
0.1

1938
8.7
8.0

0.1
0.1

5l

0.9

8.7
0.6
8.6
10.3
els
0.7
1.4
1.0
0.1

0.6

Sanitized Copy Approved for Release 2011/06/06 : CIA-RDP81-00280R001300180013-6

1943

1.9

0.4
0.6

'o.er
0.6
4.2

. 0.5

1.3
0.2
17.6
4.6
12.6
9.1
16.5
2.5
3.3
0.9
O.4
1.6
0.5

1948
Lol
3.3
0.1
0.1
0.1
5.4

0.5
0.3
9.3
1.4
5.9
T-h
2.0
12.3
1.8
6.1
0.8
0.9
4.l
0.2

1950
.97

Q.2
R
ND
5.0
1.5
0.4
0.3
oy
8.l
2.3
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Current anmusl antimony requiremsnts of France are sstimated
at 4,000 t. Eritain used 5,700 t of antimonmy in 1946, and 10,900 ¢
in 19L7, inciuding 3,000 t of secondary antimopy. In 191;8', Britain
incressed its antimony consumption to 12,300 t.

Price of aantimony on the world market is normally expressed
in cents per pound. To facilitate comparison of antimony prices
with those of mercury and other metals, Table 7 lists antimony prices

in dollars per ton.

TABLE 7
ANTIMONY PRICKS

Year Price
1913 165
1923 1713
1928 226
1933 L3
1938 330
igL3 362
1950 61

Naturally, the mercury and antimony resources of foreign
countries are of great intereat. However, no detailed information

is available.

No long-range exploratory activities are being carried on in
the capitalist countries. Tms, the complexity of mercury deposits
led Amsrican geclogists to belisve that exploration for the purjpose
of determining available reserves is not possibla. Therefors, tha
Amsrican mercury industry does not prepare reserves of ore deposits

for exploitation.
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Amarican geologists svaluate pessimistically the mercury
and antimony resources of their country. They consider that US
marcury resources have been 95% depleted and that domestic mercury
resources will be completely depleted in 3 years, ul;ilo antimony
regerves will be used up in L years.

China, which had the world's richest antimony resources in
1941, carried out a long-range evaluation of its resources. Based
on putlished data, the reserves of deposits in Hunan Province
contain 1,415,000 ¢t of antimony, while total reserves in all known
antimony deposits iﬁ China amount to approximately 2,500,000 ¢.
Thus, with current world production of 30,000 to 40,000 t per year,
known antimony deposits in China slons gould cover world require-
ments for the next &0 to £0 years. As for mercury, the situation

is even more favoraeble in view of ‘the rich deposits in Almaden,

Idriya, and Tuscany.

Bslow are figures comparing mercury and antimony :roduction
with that of other ferrcus and nonferrous metals in 19hi (in t):

Copper 2,550,000 Nickel 136,000
Lead 1,850,000 Antimony 4,400
Zinc 1,750,000 Kercury . 9,500
Alumirum 1,045,000 Silver . 8,550
Tin 237,000 Gold 1,290

In conclusion it is toc bs noted that, prior to the Great
October Revolution, there xas in operation only ons mercury mins,
the Nikitovsk Mine in the Don Basin region. The mine operated
irregularly and during ita mcst productive yesrs did not excesd an
ammual production of 300 t. There was no antimony production of
any kind. Thus, Russia's requirsmsents wers covered by imports.

- 15 -
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( D orted in 1923 .. ¢ 1 maiaili: mercury and :ome 38 & of
Ve a8 mercury com. ~c., making a total of 207 t. During the same
year, 2,055 t of antimomy wers imported. B

Chapter 3. Industrial mn and Varieties of Hemk'and Ax:unog

Ors Industrial Types of Ore

[}

Industrial .types of ore, naturally, are classified by those
.propertiea which ‘éotemimo their use and technological treatment.
On that basis, the simple ores whose primary component ia mercury
or antimony, and the complex ores in which mercury or antimony may
be t'.hn' prime cz:r‘secon ‘sry component, pust be mentiomed. Further

" subclassifications of industrial ore typeé are made on the basis

‘of mineral compositio-.

o
o

] It must be noted that such a system _oi'.“ ciauifying 1n¢uatrinl

' ore types is logical not only from the point of view of technology,
but also f{. r practical geologicsl reasons, since this system enables
geologists .0 search for certain deposits under specific geological

conditions.

The following industrial types of ore can be listed with

regard to mercury:

| 1. Rat.urai mercury ore. 7The primary mineral contained in
these ores is cinnabar; in certain cuob, quantities of metacinnabarite,
morcury selenide, as well ss natural marcury, sxre contained in the
ores. Ore of this type is most commonly found, particularly in
the well-known ore deposits of Almaden, ldriya, Monte Amiats, et al,

- 16 -
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II. Among complsx mercury ores are the following:

(a) Hercury-antimony ores which in turn can be classified
into cinnaberantimonites and livingstonites. GCensrally, antimonite
is most co:xmonly found in small quantities as an admixture of
mercury ores; however, quantities that are of any interest at all
are rarely found in mercury deposits. This is probably due to the
fact that tho. technology .0f processing complex mercurg-antinony
ores is itself /a oo;npléx process, and therefore ths presence of
antimonite in mercury ore has simply been ignored abroad.

The only known industrial deposit having livirestozite ore
is the Oiyutsuko deposit in Mexico. Until recently that deposit was
looked upon &3 a mercury mine only; the mining of santimony was
nagio-cto_d until 1937 becauss of the complexity of the tuchnological
process involved. For this reason 6n1y some 2,500 t of mercury and
738 ¢ of sntimony were mined there batwsen 1869 and 1S43. At the

, prem!snt:, time the mine is 'lobked‘ upon as an antimony deposit.
X T |

(b) *rurcury-arsenic ores are encountered quita frequently;
their minersu consist of cinnabar and're#lgar with orpiment (yellow
arsenic) or ..recury-containing realgar. In these ores it is
difficult to etect the cinnabar because of the realgar which looks

 very much 11 e it. Since arsenic sulfides are sublimated at
| temperatures .hich are nocun.ty for the pyromstzllurgy of mercury,
the technology of these ores is very complex indeed. |

(¢) In certain polymetallic and tin ores small quantities
of mercury are found. Another fact worth noting is that in Sardinia
several hundred kilograms of mercury have besn obtained anmally

{rom dust resulting from the processing of tin ores.
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' Induatrial types of antisony ores sre varied:

I. Natural antimony ores. In all deposits of WAls Wpe of
ore the minerals sppear as antimordtes and as producte of anlimoay
oxidation., Ores in the well-known deposits such as thwe antimony
dopoaitl of China, Mexico, and the USSR is of that tyje. A large
portion of total world antimony production is mined in such deposits.

II. Among complex antimony ores the following must be noted,

in agdition to the mercury-antimony ores nentionsd earlier:

(a) Lead-antimony ores whose primary minerals, such as
Jamesonite, Eoulangerite, and others, are common admixtures of ores
in polymetallic deposits. However, it 1s practically impossible to
separate antimonyy from lead in the course of processing this ore;
thus, the end product of this process is antimonous lead. This
product is of great importance, since very largs quantities of
antimony are used in producing lead alloys. 1n the United States
the production of alloys containing antimony resulted in large
quantities of antimonous lead with a 5 to 7% antimony content.

For exampls, in 19u4, 4,870 t of antimony were obtained from such
a product. Jaran similarly utilised available polymetallic ores

containing from 1 to 1l.5% antimony.

In addition to the laad oxe deposits mentioned which contain
fahlers as an admixture, a number of natural fahlers ores are known.
Up to now, little sttention has been paid to the processing of such

- 10 =
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(b) An isportant group is made up of complex gold-antimony

ores. 7These includs, primarily, the Bolivian quarts-antimony

veins, containing a high concentrstion of m‘u-oxv and having a

gold content of 1.5 to 8 g/t. Until recently, littls attention

has been paid to gold-quartz veins with antimonite. Thus, for
example, gold has been extracted for many years from the quarts wveins
in the Murchison Ridge in Northsern Transvasl, while antimony was
ignored. Only after 1940 was antimony extraction begun. As a
result, it appeared 113 1946 that ore was extracted which contained
antimony whose cost uﬁ 4 times that of the gold content in the ore.
A similar case occurrod at the Cuadeslupe mine in Cuba which, in

1920, was considered & gold mine and which in 1939 became an antimormy
mine. Significant quantities of antimony were obtained from gold-
ore deposits in Australia and Alaska. ‘ '

(c) The comparatively rare but unusual mti@ﬂwoltrm
ores in which antinonite :I.susual]y associated with ferberite.
’rhose ores frequently also contain goid. Ore of this type 18 foun:l |
mth- deposits of Bolivia and also in certain deposits in the

=)

Caucasus.

o

Mention must be mads of the unique antimony-scheelite deposit
of Yellow Pine in Idaho, USA. Its ore contalns 2.5% wolfram trioxide,
3.5% nntimw,' 51 g/t silver, and 2.5 g/t gold.

{(d) o mu:;nt. are also the mtimw;nickel ores in the
Turkhal deposit in Turkey. Ore found there contains up to 2.8%
nickel in the form of garnisrite. The ore &lso contains such primery
antimony and nickel minerals as gudmundits (FeSbS) and bravoite

(FeNiS).

_].9-
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Cre Variet'as

g

There are no standard varisties of mercury and antimony
ore. Different varieties of ore ocour in ths variocus deposits,
with every varisty having spscific characteristics that deteranins

the method of processing which must be employed.

In natural merocury deposits, ths different varisties are
classified by the amount of mercury content, since .the process of
burning the ore for the purpose of precipitating the mercury differs
for the various ores with different mercury content. Certain
Quantities of high-grade ore, with a mercury content of 1 to 2%
are processsed separately in retort furnaces, while ths poorer grades
of ore are processed in conﬁmousl,y rotating }ft‘xrnacea. Whiles that
can be done by the m.uu; enterprises, the larger aining enter-
prises do not maintain such a system of ore classification, lipu
the mixing of the ores from a large nmumber of stopes assures a
satisfactory flow of ore of sufficiently constant mercury content.

Of great significance is the classification of mercury orss
on the basis of admixture content, such as silicecus ore, carbow
Dacecus ore, etc.: This is important, because the processing of
carbonacecus ore, for sxample, can be dons with the aid of the so-
called forced burning process, assuring furnace efficiency 2 to 4
tines hishor than would be the case with siliceous ores.

In the ciu of the more complsx mercury cres, the classifi-
cation of the different varisties of ore depsnds on the content of
certain components. For sxample, in msrcury-antimony deposits it
is useful to identify those having a high antimony content and
those with low antimony content. The former may be sent directly

to the furnaces for the preliminary precipitation of mercury.
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The cinders are then transferred to ths metallurgy plant for
extraction of antimony. The low content or poar ore, containing
1ittle or no sntimony, must first undergo a mschanical concen-
tration process. Only after the oolhcﬁw antimony-mercury
concentrates have been formed in this manner can they be forwarded

for metallurgical processing.

Ore varieties in the different antimory deposits are also
classified in & similar manner. However, in the case of antimony
ore the identification of the high-grade ore is even more important,
since as a result of mamual picking and sorting of the ore concen-
trates having an antimony content of no less than 30f can be cbtained.
Such concentrates can be directly utilised in certsin branches of
mw, such as the match mamfacturing industry, or can be used
for liguation (the smelting) of trisulfide of antimony to obtain

the so-called crudum.

In antimony deposits it is extremsly important to take inte
consideration the oxidation and mixing of aulﬁdo-oxidiud ores.
This is necessary becauss the oxidised antimony minerals, in the
course of concentration, easily become pulverised, which makes it
more difficult to extract them Ly gravitaticnal means; further,
they cannot easily be floated. For these reasons the poor oxidised
antimony ores at the pnunt time are almost without practical
value. However, oxidised antimony ores having an antimony content
of not less than 3 to 5 percent can be subjected to sublimation
(distillation burning); the end product of this process is trioxide
of antimony. High grade oxidized ores, with an antimony content
of more than 10 or 12 perceant can be subjected to smelting without

concentration.

-2] -
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In complex antimony ores it is frequently po;_a:lhh to

identify ore varisties on the basis of comin admixture components.
This is possible because in deposits of t.hh nsture the contours of
industrial ores having varying eoupomntl cnlncich only pertizlly.
Thus in the above-mentioned wolr;-u-antinoxv-sold dopogiu at Yallou~-
Pine the following ores were obtained: gold ore, with a gold content
of 2.4 to 6 g/t; antimony-gold ore, with an aversgs content of 1.5%
of antimony and 2.75 g/t of gold; and wolfram-antimony-gold-silver
cre, having a content of 2.5% of trioxide of wolfram, 3.5% of |
antimony, 51 g/t of silver, and 2.05 g/t of gold.

_ Finally, mercury and antimony ores must &lso be classified
in accorg!amq with harmful admixtures, e. g., arsenic, ’va:ioua
organic compounds, etc. A1l these msy maks processing mro diffi-
cult or may affect the quality of the producl obtained. Determi-
mﬁf)n of. tﬁe varie‘bie'a is made by means of laboratory expericents.

In the Soviet Union the quality of metallic mercury is regu-
lated by OST TsM 33-40. Three separate qualities of wmeroury are
identified; their charscteristic properties and data are pressnted

in Table B.

TABLE 8
VARIBTIES OF MERCUHY (IN ACCORDANCE WITH 0OS7)

Brand . Chemical composition
in %
Mercury, not Konvolatile
less than  residue, not Designation
more than

R 99.999 0.001 Vacuum electroengineering
R2 99.990 0.010 Control and measuring instr.ments
K3 95,900 0.100 Amalgamstion of gold; preparation

of salts and pharmasceuticals
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_ Additional requirements are that mercury of whatever idind
he silver-white in color, have a mirrorliks surface, and be fres
of mechanical adaixtures (sand, soot, stc). Mercury of brand |
Rl and R2, when shaken, must not stick to t.h. sides of a clean
glass jar. Nor must mercury of f;lhl. 2 brands havo‘u;y tnce_a
on smooth white paper or on s marble slab. Mercury of all :hruv'.a
must be fully soluble in nitric acid h.nving & specific weight of

1.2,

Chinese antimony dominated the world market for a long time.
The only quality roquinum: vas that it contain not less than $9%
antimony and not more than 0.3% arsenic. Chinsse antimony was
refined in England. Products made by English firms contained
99.6 to 98.9% antimony, had an admixture of 0.1 to 0.7% lead, and
contained 0.09 to 0.2% arsenic, as well as other matals in very
small quantities.

In the Soviet Union production of antimony is governed ty
COST 1089-41. Based on chemical composition, 5 varietics ui

' metallic antimony are recognised. Specific data are given in

Table 9.

TABIE 9
VARIETIES OF ANTIMONY (I ACCORDANCE WITH QOST) -

Brand  Antimony and 0f that, ) Total
lead, not lsss lead Copper Arsenic Sulfur Iron admix- Designation
than : not more tures
than . '
cy0 99.85 0.7 0.0 0.02 0.1 0.02 0.15 Special
tattarie
Cyl 99.65 1.0 0.08 0.05 0.1 0.03 0.35 Satteries snd
Cy? 99.50 2.0 0.1 0.05 0.1 0.05 0.50 type matsl
: alloy
Ccy3 99.40 Ol 0.2 0.25 0.1 0.15 0.60 Babbitts
Cyl 98.30 0.8 0.3 0.25 0.4 Q.26 1.20 5Sclder;
tlectrotype
-23 -
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Motallic anto. .-, .. rovernsd by eiditional conditions
which 1 . the oontent ¢ «i. Mn, Ni, Bi, Co, Au, Pt, and other
metals in mmdrodt.m and thousandths of ons percent.

In antimony of btrends Cy3 and Cyk, used in alloys with copper
or lead, vhe <:allmmb].o copper or lead content is correspondingly
incressed to 5%. In brands of antimony used in the mamifacture of
arsencus babbitts, the allowabls arsenic co;:unt is increased to
3%. In those cases, the content o# the elsments named is not
'considered part of the over-n.li oontnnt .of wa. o

Hetallic antimony (regulus) ia-prOdﬁoed at the plant in the
- form of ingots. - |

) In addition to stan.ards established for metallic antimony,’
there are USSR standards for antimonous lead. Brands CCyl, CCy2,
’ and CCy3 are standard designations for antimonous lead and quality

requirements are listed in Table 10.

TABIR 10

VAKIETIES OF ANTIMCNOUS LEAD (IN ACCORDANCE WITH GOST)
Chemical Composition (in £)

Brand Lead and antimony, Of that, Admixtures, not mors than Designation
not lsss than antimony Tin Copper Zinc Other
CW]. 99.5 003 - 3 003 003 003 0.2 Core lllm
CC’? ”.h 3.0 - 6-0 L 003 onG 0-25 Wmm
wy3 98.8 1,0 « 6,00,25 0.5 0.25 0.25 Manufacture of
dies for
discasting of

aluminum alloys;
also mixed with
isad in leag

plating operstions

-2 -
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° a

mwwurm.mmuudoam
extrsction of antimonous lecd t.ln-ough tho prmuing of scrap
metal and othar utoril.'u,u. without tbho-adgutd.on of antimony.
The data indicats the requirements for the quality standard
dumd in c.ivimonous .'Lud which ny be’ obtaimd from ores li.n.d

in various complex ].nd-nnt.hoqy dapoaiu. s

Trisultido ot"anti.noxv '(mtinoniun crudu-) is governed Ly
technical spocincatd.om TsMTU 995-&1. whioh oatnblinh 2 classi-
fications =—- CTC=1 and CTC-2 (tee Table 11). . .o

L) K .2
<.

'h'isul.fido'or a.nﬁ.noqy nuat be in piecos of ditfmnt sise,

[

rndiating-crystallin. 1n stmcturc, or it w bo in powdnr forn.
Reaction of aqueous ox‘t.rmtd.on for brand C'm-l in tem o! uthyl
orange must not be acid. Adn:l.xtuna vi-ible to the: naked eye’are” T -

w

not permissible.. - . - ' )

R - "
- . 2

7 ’ TABLE 11 o _ : [
COMPOSITIOR OF ANTIMONIUM CRUDUM (IN ACCORDANCE WITH ) -
Chemical composition (im %)
Brand - Amtimomy  Sulfur Admixtures: not more than

not lsss than Sulfur (free) Trisulfide Residus Hoisture
of arsenic insoluble

in aqua N
regia
cm-l b - 73 25 - 28.3 0.07 0.7 053 0.2

€2 9 -T3. 25 - 283 0.10 1.0 0.5  Undetermined

Based on technical specifications STU-TsM 901-40, antimonous
flotation concentrate must conform to the following: 1t must contain
| not lesss than 33% 8b253 and not more than 5% moisture. 4 dried
saaple quantity must pass through a 100-mesh sieve to the extent of
90, and to the extent of not less than 60% through a 170-mesh sieve.
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The match manufacturing industry uses & concemtrsts obteimsd from
tin firet 2 chambers of flotaticn machines of concentrating plants.

High-grade concentrate is not governsd Yty any epecific
standards other than that it murt have an antimony content of not
leas than 25%.

Cumnt‘pricoo of mercury, antimony, and certain other
industrial antimony products are given in Table 12.

TABIE 12
PRICES OF PRODUCTS OF THE USSR MERCURY AND ANTIMONY INDUSTHY

Product ' © Erand Price per Ton (rubles)
‘Mercury ' R1. 100,000
Mercury . _ ' : R2 - 97,600
Mercury . 3 ', R3 96,000
Antimony o ‘ - Cyo - 32,700
Antimony o cyl ;29,700
Antimony - .ty 26,000
Antimony . . Cy3 20,300
Antimony ‘ " CysamdcyN 18,000
Antimonous lead - ccyl' 3,200
Antimonous lead .- coye . 3,100
Antimonous lesad ’ CCy3 2,800
Trioxide of antimony (nry'l puro) - - 40,000
Antimonium crudum CTC=1 15,700
Antimonium crudum CIC=2 L, 500
Pentasulfide of antimony -— 59,000
Flotation antimony ooncentrate (33%) - 5,000
High-grade antimony concentrate (30%) - 3,200
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Data on the of Prooss and

Antinony Ove
Processing of Ihrcnq Ore.

The processing of -mry ore for the purpose of obtaining
metallic mercury can be carried out either by means of direct
utallﬁrgical conv;rsionor with the aid of thn combined . msthod
of first conc-ntrat.ing the ore nnd then putting the concentrate
through the metallurgical comron:l.on process. Selection of ons
or the other spproach d.ponds primarily on the composition and
quality of ths ore. thicnnntl in t.ho rield‘of rexcury metallurgy
bave made it possible to'convert ore with even a low mercury content.
If production on & au.tﬁciontly large sgals can bo organiud, it is
possible to convert urcury ore that hn & meroury cont.ont of more
than 0.1% without nrat‘ooncentx-aﬁ.ng it.

Metallurgical conversion yields S0% and more of wcux'y
from mercury ore. Thus the need for initial concentration of .
mercury ore is determinsd by sconomic conaiderations. It‘ mst
be remeabered that if the combined method is used, whereby the ore
is first concentrated and then oonmtod.‘lou of the metal will
be considerably graater.

In the case of complex ores the task of extracting the
adanixtures, primarily the extraction of antimony, requires the
use of the combired conversion method.

Direct metallurgical conversion of mercury ores is carried
out by dead rossting of coarse ore (pieces SO ma in sise or smaller)
at 700 to 800° C. This temperature assures the rapid and complete
separation of the cinnabar in accordance with the equation HgS + Oy =
Hg + S02. The released mercury in vapor form (its boiling temper-
ature 15 357% C) leaves the furnace together with the chimney gas
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and is oollected in a lpd.ll"-condlﬁnuon apparatus. Seversl
types of furnaces are used for the roasting of mercury ore: pit
furnaces of various types; reverberatory furnaces, retort furnaces,
miltihearth furnsces, and tubular furnaces. The most convenient,
economical, and productive modsrn rurmcef are thoss of the ‘“"‘4‘*

rOtlting type.

" The furnace gases, together with the mercury vapors are sucked
by fans through a battery of metallic tubss and sre aubjected to
air, water, or a combined coolihg system. In the lower pwﬁon of
the coudonaatién tub?s receptacles are px;ovided in vhid.h the metallic

_ mercury and & byprdqluct, stupp; are coll;ctpdg Stu};p is a2 mixture
of mimte drops of mercux'y and soot, ore dust, mercury oxide, and
arsenic. Ha.r'cur’y co'n:tent in at;upl-) may be as high a5 80%.

Completeness of mercury distillation in the roasting prooo.aa
dopn;x'ls on 'thQ temperature and duration of roasting. )The duration |
is a 'varisble that depends on’'the type of ore which is té.be routed..
0:;09 that are porous at the z;tart., or thoge” that become porous during
the roasting process, will produce mex'cury more rapidly than compact

& *

ores. N

LFY
v ?

' The mostz_hdnrit,‘hl sdmixture’ in ore, :usgéic, hampers the ‘nonul
- course _ot‘“t.h. neullurgicll ’pr;:cm. ' \}apor pr;asﬁre of trioxide of |
aﬁgnio reaches 760 ma nf. 500% C. For this reason trioxide of arsenic
1s fully sublimated at working furnace temparatures and, preaipitating
in the condensation mm, reduces the colhouoh of merocury, help-
ing to form large Quantities of stupp. '
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Plant personnsl 'must be protscted against the toxic action
of mercury vapors. Acoo;dincly, most components of the apparatus
mist be hermetically sealsd, particularly the oondensation instal-
lation.

The processing of relatively small quantitiss of high-grade
ore or Oof mercury concentrates can be carried out in simply con-
struoted retort furnaces oconsisting of a series (usually 4 to 6)
of iron or pig iron retorts embedded in ¢ muf{le furnace. The
retorts are loaded with ore at ons end which is then closed with
& oover; the other end of the retort is connected to the condensation
systam. Mercury vapor, produced through the heating of the retorts,
is directed into the ocondensation system. S5ince cinnabar is sepa-

~rated in the retort furnace becauss of oxygen shortage, the ore or
' tha concantrate mixss with lime. Under thess conditicns, the follow-
ing cinnabar a’parnuon reaction takes place:
: ' ' hHgSOhCaO-thoan¢Casoh.

Though their efficlency is not great, retort furnaces,
because of their small clearance and light weight, are frequently
used for the procsssing of high-grade m‘ in relatively small ore
deposits located in areas that are difficult to reach.

Whan the combined method of mercury ore processing is used,
the metallurgical cycls is preceded by the mechanical concentration
of the ore. This method is particularly applicable in the process-
ing of complax mercury-antimony ores. Such ores, after bsing crushaed,
are subjected to flotation, sometimss in conjunction with gravi-
tational concentration in settling machines or on concentration
tables. Intensive research and many experiments have so far failed
to produce selective mercury and antimony concentrates.
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Thus industry produces collsctive mercury-antimony concentrates.
To obtain mercury, thess conosntrates are loaded into special
retort furnaces. The antimonite remains in the cinders which are
then processed to extract antimony. |

On the whols, mercury processing plants are small and compact. -
The establishuent of a meroury processing plant of average capacity
requires a relatively small area. Such plants require power only
for the crushing of the ore, rotation of the furnices, and oparation
of the blowers whioch suck the gases through ths condensation &.yntcm.
Masut oil is commonly used as fuel. Depending on local conditions,
the fuel expenditure is npproﬂ:utely 28 to 32 kg/t of ore. Use
of other types of fuel, such as coal or wood, requires the instal-
lation of more complex heating systems. Quantity of water used
ina mercury progcessing plant is also relatively small. When it
ie necessary to construct a concentration plant, requirements of_
area, power, and particulnrly of water increase considorably.
The Quantity of water required in the mschanical concentration of
the ore is normally between 5 and 6 m3/t/ of ore.

Px‘oceaag of Antilox{ Ores

In contrast with mercury ores, antimony ores almost always
require concentration prior to uﬁ)allurgicul processing. Usually,
antimony ores are nonuniform in terms of antimonite content.
Froquohtkr found in comparatively poor ingrained ores are pockets
and irregular veins of high-grads ore which somstimes contain solid
ore minerals. For this reason, the ore is normally sorted. This
sorting process which sometimes is carried out right at the pit
procuces high-grade concsntrate which, i1f it contains 30% or more
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of antimony (this corresponds to L2% of antimonite) can serve as
"a oommercisl product or can be used in the production of trisulfate
of antimony, or can also be used in the smelting of metalllc -
antimony black.

High-grade cres with a content of 8 to 12X may serve as the
raw material for the oxtractioﬁ of antimony Ly use of the metal-
lnrgiéal process. Ordinary ore with an antimony content of less
t&n 8% must first be subjected to mechanical concentration.
However, it must be remembered that antimony oxides are extracted
is smsll quantit'es only. DRecause of their relative softness,
antimony oxides become mixed with the sediment during processes
employing the graﬂ.tntiénnl method of concentration. Nor are -
very large quantities extracted when the flétation method is used.
As for antimonite, it can be floated with excellent ;eaulta and
saall losses even if relatively poor ors is used vtfich contains
only‘o.a to 1% of'antimonv. The flotation process is sometinmes
combined with thg gravitational method, the settling and concen-

tration on tables.

1f mercury is present in antimony ores, collsctive mercury-
lﬁtinoqy concentrates sre obtained. Auriferous pyrites and wolfram
minrerals (ferberite and scheelits) as well as arsenopyrite can be
separated as indepsndent concentrates in the course of the concen-

tration process.

Extraction of antimony reaches 85 to 0% in the case of -
medium to high-grade sulfide ores (L to 6% Sb). ZRxtraction
normally doss not exceed 70 to 751 from the poor-grads cres (1 to
1.8% Sb). Extraction of antimony in concentrate decreases in
proportion 10 ths increase in the content of aoxide minerals in
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ity e, « e a80m, it is very important that the extent
of the fress ‘o .. Jxidised minersls in the ore be carefully studied.

A commercisl antimony product is the so-callsd antimonium
orudun == amtimony trisulfide, liguated from sulfide ores. lowsver,
in view of the relatively great antimony loss (30 to 50%) in the course
of production, and in view of the low price of this product, thére
has been littls production of it in the recent past. Crudum is
obtained through heating of antimony concentrates, having a 40 to
50% antimony trisulfide content, to 600 to 700° C in crucible furnaces
baving a perfors‘ed bottom. Thess furnaces, covered at the wp to
prevent entry of ixygen and inserted 1zito_§ second furnace, are placed
into a compartment kiln. When a temperature of 548° b is reached,
the antimony trisulfide is melted and flows into the lower furnace.
The cinders normally contain 15 to 20% of antimony. -

The oxidising roasting with sublimation is & very interesting
metall -gical process whéu ond product is trisulfide of sntimony.
The latter, as is known, 1s volatile and when hested even to a
tamperature below its melting point (656° C) is sublimated. Useful
admixtures such u' gold or silver can be extracted from the cinders.
This meihod is of perticular inberest in the processing of ores
that cbnuin consicderabls qunnt:.mp of antimony in oxidised form.

During the roasting which 1is carried out at & Semperature
in excess of LOO? C, the natural trioxide of antimony oontained in
the ors 1. sublimsted immediately, whils the antimony trisulfide
is sublimated only after initial oxidation in accordance with:

5583 + 90 = 28by03 + 6 0.
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7o transfors the momvolstile Sbp0) into 8bz03, the necessary
conditions qlitbq crested in the tumm.thrc;lxghth.nu of reducing

To uparnh'vohu.lq trioxide, the furnace gases are cooled
and subu‘quontly.'mrifiod in a.ur.‘-.eq'ot dovi.oeq,capdbl‘n, of co;..lact-' ,
ing 98 to 995'01‘ the mtiuoqy't.rioxide conu:_Lntd in the gases. .

© s -

Metallic antimony is obtaimd.n'om_p'hnt concenj:r;tea or high-
grade ores thrauéh the ao-clllod-.px.‘ocop.s of settlﬁmnp smelting with
iron in reverberstory n.u'mcu at temperatures ranging from 1200 to
13009 C. This pfccou is ;:arriod out :l.n ,.accordanco with the ﬁwuan:

'SbpSy + 3Fe = 25b + 3VeS.

~

Antimony, the heavier element, is collected at the bottom of
the furnace, fhilc the sulfurous iron becomes part of the matte.
Fusing agents, suéh as soda or sodium sulfate are used to form
slag of the waste materiasl, while cosl .13 used to reduce the oxlides.
The proa.~t obtained through this process is the so-called black,

or grey, antimony, containing from 6 to 15% iron.

"lack antimony is further refined in a second smelting process
during ..iich measured quantities of crudum or high-grade antimony
concent ‘s are added in order to transform the iron in accordasnce
with th: above resaction into sulfurous iron and transferring it into

~ the matte. In the course of the settling-smelting process the

‘ sdmixtures of arsenic, lesad, gold, and silver pass into the antimony.
The latter 3} metals can be removed only through electrolysis. The
removal of ths arsenic, s particularly harmful adaixture of antimony,
is achleved through refining by amelting of blacl antimony under

addition of soda or potassium.
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Up to 0% of antimony passes into the cruds metsl, while

up to 9% of antimony remsins in the matte, anduptolszo'uﬁ'
in the form of trioxide. For this reason, in order to collsat
the antimony trioxide, all furnace gases must be channelled through

& dust=collecting system.

To obtain the metal, antimony trioxide is reduced in & re-
verberatory furnace. Antimony trioxide, frequently hnﬂ.ng a metal
content of up to 75%, is mixed with a reducing 4ngent. (coal or
charcoal) and with fusing agents (calcined soda or sodjtuh sulfats).

Loss of nntfinorv in the reduction [.J!'OCOBB. ranges between 5 and 20%.
' The slag which is opricbgd vlith antimony is, in t,ufn, subjectaed
to processing. In the reduction smelting of high-grade ores, the
admixtures such as gold, silver, or lsad all pul:-. into the antimony.

[N

Hydrometallurigcal methods of ore processing are based on
the fact that antimony trisulfide is easily soluble in relatively
weak solutions of sodium sulfide. Subsequent eloct.rol&siq of the:

antimony produces & metal of exceptional purity (brand CyQ).

The system of processing antimony ores is great.]& more complex
than methods used in the pa_'ocoumg of merciry. As a rule, any
processing of antimony must be precedsd by a concentration operation
cu'x'io-d out in a conoont.rati.on or metallurgical plant. Such an
installation is quite complex and costly and is econoaic only when
adequate supplies of raw material can be counted on.

The extraction of the commercial metal, if losses of § to 10%
are taken into consideration, can yleld from 80 to 85% mercury,
while only LO to 60% of antimony can be extrscted from known deposits.
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MERCURY AMD ANTIMONY DEPOSITS IN THE USSR

Prior to the Creat October Revolution the antimony industry
wsa nopexistent in Ru..gn. Mercury was extracted in ;o-.pu-atiu),y
limited qunnt.:l.tiu thue only at the Nikitovka deposit in the
Donete Buin - unlc:u one counu some minor efforts to exploit
tha I1'dikanka doponit in Trmbaihlh at the end of the past
contury and the thoh deposit in Lagestan early in tho present
century. Kmlodgo of ihussia's urcury and antd.noxv deposits in

-general at that time was extremely scanty.

[V

At a mmbor of places in Russia, however -- in t-hl Donets
Basin, in Ruthenis, and particularly in Central Asia ~- a fairly
well developed mercury industry had existed in the ninth to the |
twelfth centuries, traces of shich have survived in the form of
numerous ancient excavations, the remains of metsllurgical
furnaces, ceramic tiles and corxiensation pipes, stons hammers,
iron chisels, and piles of candleends. Traces of this ancient

industry serve today as one rathar important indication during

prospecting for mercury deposits.

Geclogical prospecting and explorstion conducted by Soviet
geologists have lad to the discovery of quite a mumber of entd-
'mlv and mercury deposits in various regions of the USSK. Of
course these deposits represent by no means all the potential
antimony and mercury resources of the USSR. The discovery of new
deposits of theoe metals contimies to be a most important task
for Sovist geologists.

- 35 -
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Ceological Position of Deposits

Deposits and ore outcroppings of mercury and antimony in
the USSR are rather widely scattered; tl’ny occur in Ruthenia,
in the Donets Basin, in the Csucasus (on the northern and scuthern
slopes of the main range), in Central Asia, in various rarts of
'(ankhsun; in Gorno-Alt.ay, in the Kusnets m-rau, in Trans-
' bniknl:l.a, in thc Maritine Tenitory, and in the Urals. A stumr
of the patt.ern of the USSRh's mercury and antimrv ore deposits
ahmn that theae 2 metals are consistent components of a genoral
hydrotheml proceu of ore romtion. The conditions undar whigh
meroury and antimony are deposited, hwevei-, ‘d_j.ffer sharply from
the conditions of deposit for other metals. 3 Sy

. It is at once evident that large deposits of mercury and’
antimony are romd in ore-bearin.g reglions ubero strata of ‘.
sadi.unt.ary rock overlying & hard cryatal.um bue == strata which
aske up the va_riqua Iomfatiom -=- have a grest but variabls

t.hioknnu, :

~I.n the Donsts Busin, for ﬁmt:anco, the mercury ore 'ninA
lies in a thick (2,400-5,400 s) Middls Carbonifercus atfqm of
mixed chale-sandstons-limestons oomposition, which is uniu‘hin
by & stratum of Rawurian and Upper Viscan sandy shals of analogous
composition (}lp to 2,400 ) and by Visdan and Turconian limestone
(216-455 m). The htﬁor 1lis either di.ticuy on a Pre-Cambrian
orystalline base or, in some placesz, on Devonian continental or
oceanic sediments up to 600 m thick.
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~ The ore-bearing Hiddle Carbonifercus is in turn covired hy
shales and sandstones of the Upper Cerbomifercus (2,100-2,800 m)s
The sandy, gypsum-dolomits and salt-bearing strats of the Pu-un,
which overlie ths Carbonifercus in the northeastern part of the
Donets Basin, are charscterised by considerabls variation in
thickness (1,700 to 3,700 m). Like the Meso-Casnosoic sediments,
they ars absent in the region where ores are most plentiful.

In the @cms the nercury and antimony deposits on the
northern (Degestan) and southern (Ceorgia) slopes of the main
range lie chisfly in Jurassic strata which cover ancient orys-
tallins rocks. 7The thickness of these Jurassic strats reaches
LS00 ms The Jurassic deposits, like the Chaik and Paleogere,

_which overlie them in adjacent regions (up to L700 m in thick-
ness) » have a Flysch Character, 79% being terrigenous deposits

and 21X carbonaceocus.

Marcury dsposits in the Stawvropol'! Territory are associated
with Permian sandstone-conglomerate strata. Here too the crys-
talline base liss at considerable depth ~- more than 2000 m,

In Central Asia the geological conditions under which
mercury and antimony deposits are found sre extremsly varied.
In the Kopet-Dag they are associated with the middle portion of
the Lower Chalk, whose total thickness reaches 2000 m. Hare the
lower 500 to 700 m are ccaposed of Barremian limestons and the
upper 1300 m of clayey-sandstons rocks of ths Aptian and Albian.
Apparently lying below the lower Chalk in the Kopet-Dag are Jurassic
strata with a thickness of 2,000 m. Thus, here too, ths crystal-
line base lies at extremely great depth.
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In the southern part of the Tien Shan, mercury and antimony

deposits are most frequently associated with Carboniferous strata
repressnted by alternating layers of limestone and shale with a
total thickness of 500 to 1,500 or 2,000 m; thess are underlain
by Devonian, Upper Silurian and Cambrian strata, partly terrigencus
and partly of limestons composition, quite variadbls but on the
whole quite thick. The Pre-Cambrian base is most probably crystal-
line in charscter. At certain places in the Tien Shan, mercury
and antimony deposits are also encountered in Silurian and Devonian
strata, but only where the latter's thickness is wkadly greater.

In the northern ranges of the Tien Shan there are scattered
deposits lying in the upper portions of a very thick and encient
stratur of melamorphosed shale and marble, possfbly of Froterosoic
age. Mercury and antimony mineralization is also encountered in
effusive-terrigencus strata of the Carbopiferous and Permian,
which overlie either the afore~wmentioned Proterosoic shales and

marbles or Silurian and Devonian strata.

In Altai and Western Siberis, mercury and sntimony ores
are found in very thick Middle and Lower Pzleozoic stirata of
mixed composition; these border the Kusnets coal basin on the east
(Xuspets Ala=-Tau) and west (Salair) and extend farther south into

Corno-Altay.

In the Krasnoyarsk Territory antimony desposits lie in
ext.r_auly thick sedimentary strats of thae Pre~Cambrian and Cambrian.

“In the Maritime Territory mercury and antimony ores are found
in Upper Palsosoic and Jurassic strats, i. e., quits far above the

crystalline base.
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' Whils the total thickness of the sedimentary rocks with
vhinh the Sovist Union's mercury and antimony dsposits are
associated is very great, considerable variation in the thick-
ness of ths individual formations which go to mske them up is

Quite characteristic. From all the foregoing, cne may draw the

significant conclusion that mercury and antimony deposits are formed

in regions which have experisnced great, complex, and often dif{fer-

entiated tsctonic wmovements. Formation of the deposits is associated

with the final phase of these tectonic moOvements.

The great thickness and lithological complexity of sedi-
mentary strata determins how solutions evolve a8 they move along

their course and to what degree thsy become differentiated.

It is also significant to note that in ceses where condi-

tions favorable for cre sccumulation are slsc manifest in ore-

bearing strata -— conditions such as those which will be discussed

below == deposits are sometimes found &t several levels or layers

(Lentral Asia, Lonets Basin).

Let us nov examine the question of tectonic control cf the

location uof deposits.

In most cases the mercury and antimony deposits of the USSH

lie in long, narrow sonss, sometimes externding hundreds of kilometers.

As detailed research has shown, such distritution of mercury and

antimony ores is dus to the fact that they are formed along large,

complex sopes of crust movement, usually between a depressed area

and an uplifted area.
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Jf thas type, for instance, are the fauld sonss _bontrolnm
the location of deposits observed along the edges of the Sur!metash
. and Karaghatyr Upper Paleosoic depressed areas in the Alay Range
of Central Asia, as well as the faulta bordering the Kusnets
Dopi‘cuion in Western Siberia. In the Caucasus, mercury and antimory
d;poaita are also distributed along taﬁlt.a narking the contours of
depressions in which have accumilated extremely thick strata of
6 Meso~-Casnosoic Flyach aediments. '

Unfortu .ately, such an analysis of the geological-tectonic
position of mercury and antimony deposits haes not as yet bean
made for many >f the mercury-antimony regions of the Soviet Union.
In the Donet.a'-Basin, for oxmplo; the geological position qf the
ore~controlling fissures is still mot clear. They may bs linked
with the outlines of depressions of Psrmian .lge. &xt.’ for t‘b
pr. cipal mercury and antimony ore reglons of the USSR, it may be
considered a proven fact that the distribution of deposits is
contiolled by desp faults which have clear and diverse geological

manifestation and which conform to the over-all geological structurs.

Eno] sing Rooks, their Age and Composition

The rocks in which mercury and aatimony dejosits lie are
rather varied bdoth as to compositicn and as %o age. They include
cong'nomerates, sandstones, shalss, limestonss, intrusive igneous

roc.s, and agglomerated effusive and tuffaceous rocks of volcanig
w fle

The aye of these rocks rangss from Pre-Cambrian to Upper
Mioo n@s Uf ¢ urse the upper age limit of ore-~-bearing rucks in
esch individual region is deternined bty “~ vweriod i{n wnhioh we

fo1 . tion of the deposit ook plaoce.

-uu-
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For sxampls, in the Tien Shan the age of most of the mer-
cury and antimony dopoaitl‘ is Persdian. c:onnqu-nf;ﬁ, the deposits
in this area are !ound, where conditiom m oorrupondingly
favoratis; in rocks of any age 1n the older Permian -~ in th-
cubopifomut, +he D.vonian, the Silurian, lnd sven in the Clnbr:l.ln‘
and Pre-Cambrian, But for the several rezioth in C.ntrll Asia,
doponding on their geologic history other ng-a of xurcury
nimralintj.on are lo-unu oboamdx Poat-(.l arassic for the
Kugd cang=-Tau, Pout—Chalk for the Kopot-l:ag, H&'Idle and Upper Car-
boniferous for the Talass Ala-Tau, etc. All this 1is nppropriatoh
taken into mccount when prospecting operations are being organized.

As far )u rock co:upoait&én is éomernad, the USSR's
largest mercury and antimony deposits are associhtac;l at times
with rocks having s considerable primury porosity (porous sand-
stones, conglomerates) and for the most part with brittle rocks
which under tectonic deformation can form brecciation sones
containir; a large nunbor‘ of éﬁpty, spaces (limestones, sand-
stonss, Juartsites). An extremely important condition {observed
in a1l injustrial deposits of ths Sovie:t Ut}ion) for the forma-
tion of large concentrations of mercury and antimony minerals
in arsas f high primary or ncoM»poroaity is that these
areas bx of & relatively isolated character, with a covering of
compact, lmpermsable rocks =- usually clays and ahales.

Structural Characteristics of Deposits

AB a Tule, neximry and antimony deposits in the Soviet
Union's ore regions are formed in sectors which are quite brok.
up tectonically. This follows logically from thsir location, as

noted above, in sones of transition between depressed areas and
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upthrust areas. Such sones are usually characterised bty very
complex structursl forms due to both folding and faulting of the
earth'!s crust. This acoounts for the extrems diversity of

structural forms bearing ore daposita.

First of all, we should discuss depcsits which are in the
form of a layer or bad, then those orebodies which are irregular
in shape and have resulted from massive breccistion of the rocks,
and fixg.‘l.:ly ore veins of many different forms, often very complex.
In all deposits of these structural types 3 common structural
features are cbserved: (1) channels of accesa, which take the
form sither of well-defined fissures and cracks, individual or in
series, or of sones of intensive fine fissuring in ths rock;

(2) ore-accumulating cavities, usually linked with the channels
of accesa through offalmou rather than directly; and (3) a
layer qi‘ iupermsable rocks lying cver the oro-iccumlnt.im cavity.

The channels of access determins the 10cat.1.9n of deposits
within the liniAu of ore belts and sones, but they themselves
often remain virtually unmineralised, since their great extent
usually gives tham a through-puuéovw character. Om-boaiim
solutions have apparently been brought to the surface through
them without forming any ore co;xoonmt.ion- (Central assia}
Caucasus, Altay, Donets Basin).

The character and shape of the ore-accumulating cavities
naturally determine the shaps of the deposits. The latter may
be layer-shaped, in the form of a saddle or mould, associated
with corresponding folds of the enclosing rocks (Central Asia,
Donets Basin)} layers of porous rock associated with denser rocks

in s monooline (Central Asia); or various typea of bedded depoeits

-uz-
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lying between strata of rock which differ 1ithologically from

each other, both udiunﬁry and igneous (Ruthenia). Especially
noteworthy are the irregularly-shaped ore-bodies due to massive
brecciation of brittle rocks; these usually extend to the heart of
tightly pressed folds (Central Asia). Ore veins are usually
sssociated with fiasures due to fauiting' or, ieaa frequently, to

clesvage.

Mercury lmd antimony ore veins often intersect more or
less rigid, trittle rocks, attamnting in the softer, more
plastic rocks ebove them (Central Asia: limestone under shale;
Altay: limestone and sandstone under shale and seyrpentine;
Kesakhstan: sandstone under shale; Donets Basin: laynrb of
sandstone and quartazits in shale). A number of antimrny ore
.erack-veins in Kazakhstan, the Caucgasus, and the Chi.ta Oi:laat
even lie in intrusive igneous rocks which have penetrated
sedimentary strata. They quickly attemuate and break down in the
latter. There are aomn.vains, however, which intersect even rather
plaa.tic rocks —~ Jurassic shales in the Caucasus‘, hmet.amorpbic
Pre-Cambrian shales in the Xrasnoyarsk Territory, etc. 3But even
for these veins, isclation from above is characteristie; as is
shown by thair enclosed ottshoot;.s and aﬁoprwaea,.which a5 a ruls
are noteworthy for higher-quality ore, and Yy independent blind-
allsy veins, alugys riuhef at their upper ends. It should be pointed
out that veins sssocisted with relatively plastic rocks are
characterised by intermittency and often form lenticular pockets,

single or in series (Caucasus, Krasmoyarsk Territory).

Mercury and antimony deposits of the layer type are of thae
greatest importance for practical purpcses. ‘

-u3 -
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Figures 10, 11, 12, 13, and 14 show the most important and
typical structural forms of mercury and antimony deposits in the
USSH.

Matearial Composition of Deposits

The Soviet Union's mercury and antimony deposits are rather
varied in material composition and range from virtually single-
mineral deposits 'or cinngbar and stibnite t0 extremely mixed,
gouplex, multimineral deposits.

Quarts ia of the greatest importanco 85 & gangue mineral.

Inotensive quartz formation is very often obsanred in mrcury

- - mtimny deposits; it takes the form of metasomatic replaee-

« . ment of the rcck by fins-crystalline quarts, often peratoid in
structure, or sometimes by chllcedony_. Rut as a rﬁlq this quarts
formation always precedes ore deposition. First—gener_ntion
qQuarts generslly cements fragments of rock. Ih acdition, second-
generation quarts is often observed; this is nesrer in time of
origin to the time of the ore-deposition process itself, and
somstimes almost simultaneous with it. JSecomi-generation quartis
most frequently forms well-defined grains of columnar, prismatic
crystals which grow in druses in the cavities. |

These sones of quarts formation, which stand out aﬁnrply
in relief and which are covered with a dark crust of desert tan
when climatic conditions are favorable, are an important indi-
cation in prospacting for mercury and antimony deposits. It must
be kept in mind, however, that such quarts sones are not always

accompanied by orebodies, even in regions known to contain mergury

and antimorny ores.

- uh -
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Besides quarts, sows Central Asian and Naritime Teiritory

dcpoaitl'éonum fluorite, whose possible importance as a use-
ful by~product must be considered. Another common ga;:guo
amineral, espscially in deposits which were toﬁﬁ in a cﬁrtmn-
ceous enviroment, is calcite. Complex carbonates and barite
sre less frequently cmoﬁntmd in mercury and mtiiaow deposits.
Still, in Central Asia there are some known mercury deposits
vit.h berite and ankerite as the principsl gangue mineral.

Although quartzless antimony deposits or orebodies are &
great rarity, quartzless mercury deposits with calcite or, less
often, dolomite as the principal gangue minersl are often

encountered, especially in carbonaceous rocks.

In the USSR's marcury and antimony deposits the following
hypogenic ore-bearing minerals (listed in the approximate order
of their frequency and :.ypicality) are found:

In Mercury Deposits In Ant Deposits
rT = fa
Cinnaber Stibnite |
Metacinnabarite (Usually Pyrite
metacinnabarite is a secondary Cimnabar
mineral in mercury deposits, tut Boulangerite
some researchers nevertheless Bournonite
admit the possibility that it is Jamssonite
. of hypogenic origin.) Sphalerite
Pyrite Marcasite
Stibnite Chalcopyrite
Realgar Galena
Orpiment Gold
- 45 -
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(1] (2]
Narcasite Arssnopyrite
Selsniur-bearing varisties Borthhrit‘.c

of cinnabar Reslgar
Schwatsite Orpiment
Famatinite Pyrrhotite
Chalcopyrite Famstinite
Oalena Hematite
Sphalerite Magnetite
Gold Wolfram (ferberite)
Hematite Silver
Bismuth glance Elsmuth glance
Stannite
Titanite
Scheelite

From the list of minerals sbove, certein differences are
apparent between the material composition of mercury deposits
and that of antimony deposits; for instance, antimony deposits
contain a greatsr number of minerals which occur in ore depoeits
of other metals.

It is curious to note that while galens is sometimes found
in mercury deposits, lead in antimony deposits more often forms
sulfo-gslts containing antimony, and only rarely is lesd found in
the form of galena. Stibnite is virtually never foumd in deposits
where lead is present. In the latter antimony is encountered
chiefly a» a component of slfo-sults, or very infrequently in

the form of native antimony.
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The above list of hypogenic m-bnrin.Minboth
marcury and antimony depcosits bears witness to ths genetioc
relationships between mercury and antimony oreformation and other
types of mineralisation {see Note.] These relationships become
atill mors apparent if one considers the complex polymetalliec
deposits which contain antimony-besring tetrahedrite and the
presence of antimony in considerable quantities in some guld
aLd gold-polymetallic deposits.

((Note:] The author is attempting to prove that mercury aend
antimony deposits originate from the sams solutions which first
lay down gold, lead, and other polymetallic ores. The proof,
however, is not very convineing, since the small quantities of
:;.ead in mercury esnd antimony deposits may have been absorbed
from the wall rooks. Furthermore, the idea is not verifidd
geologically. As a rule, no locally widespread connection is
observed between polymetallic deposits and deposits of mercury

and antimony. -~ Editor's note.)

These genstic links between the proceases i:ril.g mercury
and antimony deposits, and those forming other types of ore
deposits, are also indicated by the fact that the material com-
position of mercury and antimony deposits depends on their

- geological position. This has been demonstrated by compering
such deposits in various ore regions of the Soviet Union.

It appears, for exampls, that single-mineral mercury
deposits, evidently formed by well-differentiated solutions,
are located in the upper portions of the thickest and most
lithologically coaplex strata. On ths other hand, deposits
sssociated with atrata vhich are not so thick and are underlain
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gy rigid, triitls, . @ consequently more penetrable rocks, often
have a mixed, complex -inu'cl composition; i. e, they were
formed by nondifferentiated solutions. In other words, ths
composition o.t' oom-boaring solutions is observed to undergo a
dnnnito ‘esvolutionary chnngo in tho coursa of their movement
through thick; couplox rock strata.

<o ) ©

LA voryoinhrgat.ing question which has not yet besn pursued
very far is that of the parsgenetic relationships betwesn minerals
in t.ho mexrcury &4 antimony dapoacita of ths USSR. Neverthsless,
the faotunl dats 1t hand indicatea that the process of ore
formt.ion may be comsidered a very protracted and consistent ons
vl_)ich develops according to definite principles. The composite
paragenstic diagrams in Figure 15 show this rather clearly.
They are derived from data from mineralogical study of a rumber
of Central Asian mercury and antimorny deposits. From these
dlagrams it is evident that 3f the precipitation of cartain
minerals or their derivatives in individual deposits be disregarded,
the gem:rcl course of development of the mineral depoaitién procass

is a fairly consiltént, onBe

Relation to Igneous Kocks

The intrusive or sffusive igneous rocks, near or within
vhich certain mersury and antimony deposits of the Soviet Union
ile, o7 course cunnot be considsred the source of the ore-
earing solutions involved. Geological correlation nearly always

shows c.avingingly that they are of considerably greater age

than the deposits themselves.
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A mumber of nargury and antimony deposits have been formed
at depths of 1,000 to 2,000 m, and mercury mineralisation
covaring a great-span along the vertical (1,300 m and more)
vithout any substantial change in its naterial composition has
been observed in certain mineral regions of Central Asia. These
faats oblige us to place the sourcea of the ore solutions at
relatively greater depths. The intrusion o.f pre-ore, ultrsbasic
rocks to form stocks and dikes along certain groaf; ore-controlling
faults (Central Asia) also points indirectly to the possibility
that the source of ore-bearing solutions liee st corsiderable depth.

On the other hand, it is noﬁwort!v that the igneous rocks

conuining' morcufy and antimony deposits in the Soviet Union's

ore reglons (thu Alay, Turkestan, Hissar, 'and Talass langes of
 Cantral Asis, the Donots Easin, the Urals, Altal, etc) are

alkaline in character. Also typical is the presence in thess

arsas of ult.ra-ilkalim ignecus rocks (nspholiiic aysnite,

barkevikite, shonkinite, stc) accompanied by a great many

mir .,als contd.ni:ﬁ fluorine; these are characteristic of many

me) cury and antimony regions, particularly in Contral Asia.

However, mimercus attesmpts to attribute the origin of
mey ;ury and antimoiy d.puita to this or that type of magmatic
roc. have led 1o 00 results of Rractical or theorsticsl valus.
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FIGURES

_ _ Figure 10
Flan view of the periclinal end of an ore=bearing anmticlime. &,
" overlying shals; b, ore=bearing sandstone; ¢, underlying shale;
&, famlt; e, ore-yeins with cinnabar

4

Figurs 11

Croas section of a mercury deposit association with the contact of
a serpentinmised intrusion of hyperbasite, a, hyperbasite; b, sedi-
mentary-effusive strata; c, ore dsposit

-soco
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Pigure 12 '
Plan view and eross section of an antimony deposit associated with

radial cracking in & dome. Ore veins (a) in the sandstone forming
the heart of the fold (b) extend only as far as the level of the
shale (c), whose ore-comtrolling significance is thus readily apparent

/ a"?’w""/
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, 72
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Figure 13

An antimory ore-vein (a) associated with a fault erack in metamorpb
shales (b). The richest ore (in black) is concentrated in the dea
ore-shoots branching off from the vein and in tha wide spaces ir

voin
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_ Figure 1h
. - Structural disgrsm of & whole mercury-antimony o;'-c n.ié,. &y the
‘ gﬁolt slippage which has caused the peculiaritics of folded ltrﬁtiro]
. by ‘ore~controlling fissures; c, oro-dist.ributing fissures ucochhd
with the latter, intersecting an upthrust block. 1, muennll folds;

‘;'25 ﬁércury ofe; 3, antimony ore; L, ore deposits

B S L'u‘h_' r-—-'-° miaorels
'{ Tioe ot depaaits -
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' e Mercury —f-- = i
Swtimaivy p-o-~1 .
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Undifioretitod Worewry  b-4--{--f- - -4
semplen Asticeny . -1t
. ? .I J
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Mlgure 15

Pmpmue diagr-s for typical kinds ot ‘mercury and nntinow de- -
ponita of cont.rll Asia; 1. muchy 2, considerable qnantity; 3, little
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